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(2) 



7., 10 

!f^x?l?:3^{c«g^«>. it*® liBig©:?"oH2;^. 
-fex. 

p-b;^, 20 
„ M (OR' ) ,..<D'ptj:< fb ir>a>it-^:h^hmm 

~2cDffiHrtr$>?). lf«JliietS®7-a-bx. 

8 ] •^hvvi' y^mmmmf^M£ < i 1 1 o 30 

lift*5® 10] -7 1- u X j(r|g!Bi)H^3feflW^«'>:^ 

[ffl^^l 11} -7 h «J i';^filg®lM5:^»J<i:jg^-r 

[ii*Jii2] jgsij*iT-feh>r*sf»*ai iia«s 

IWm. 1 3 ] 1 0 0 1 6 0 'CtDSg 

[ ii*iB 1 4 ] lg{ t A^*^ 6 0 ~ 8 0 -CcDSe-rtf toil 

[ Bf 1 5 ] 'rhifi^h «:3feS-&ra>& 

spj^ms. «i3i?«8iasiS©7'o42x. so 
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[ts*3i 16} T-y Kj»ft«w«^ h y t>7. 

[it^« 1 7 } igi**sfS*« 1 faig©:/PH2X«:J:-7 

n-2.. 1 6 l^m,<oibt^mskW. 

\Wm\%^ j«<*:*sfS*)S6ie*g©7'P42XicJ:o 
1 9 } m.'^imim s IBtS® :/p t ;^«: J: o 
[ii3R312 0} y -^^j^j&JlmmJcfJJlt^JBiL 

mim. 2 2 } ^mmiyy^Ti^ifi^ 6{c3fem-&M*& 

[I»*ja2 3} vhy-yi?>^*J4 5*CJ:>31i;t»:</-7:5^ 

[f«*3« 2 4 } %^mm<j>wsi^t\tc^m:w^-^ 
sxe-cdb-7-r. 3feiBJis««^3&j. /^'^:/y v ^mmm, 

;^T-Ai^fig;?.. 7t^|!}i5fiR->^7"A*J3tt{614*>'V-«: 

^/cv h y s- ^x*j±o'^m?^nRs^;^'f-A*s|^s 

Li^<:<b#:fi«JttS*^i^-rxii^«iAS. ihP 5^7 7 ^ -© 

[f«*^2 5 } ^>-f:/y-:' KMtRWiS-^hyvf;^*^ 
i»3je:s 1 ia*S© 7'P -fe xrSifiS $ n ^ . i**^ 2 4 laig 
©:;''p-fe;^. 

[i«*il2 6 } ^^-{rf'J -J V V v ^^.ifi 

i«:s}?:58iatS©7-p-fe;^'ClilJS$n-5. i«*^2 4ia*S 

©7"P-feX. 

[0 0 0 n 

[^B^©ll-rSSJB^»} *:^BJ», «#liiatS«5»{CM 
i|${C^Pi^^7 Y-fBtt!ti^;^'?'A-CWfflaJ«ftK:R| 

(0 00 2} 

[fie*J5a5*Jj:0'^?9*s»^L/J:5<5:-rSsSS} ItfSsB 
tS^B*Jj:tJ£*^®iaffe^«. iBis«s*ii-?>-rct* 
ii^L^wrt^^o c©pg^©-SPi L/-C. ^-i^:)^^ 
©^^ye/';^rA. l^tCJ^Pi^-^^ ^ — i'j^T'A*!. S£ 
*©^^y$^g{Cf^t)5fe©il/Tffi*3nT#/c, --4 

-s;':^j^xf-Att. •?=-df©-;>:7c©'^-iJ^ft©ia 

i?«r^-rBgt,>®?i!a«l|S©-yj7ci^J*jl3fiL. jJ^Pd' 
5:? ^-i'^f^AW. -^-i^C^py^:? -f -^31?:. 
iatSiS*^«:-f>:7'y > h (Imprinted ) Sn/c^-fbTS 



C3) 



tSTS. 3^py-7r' ^ — >;^f-A«. D. Psaltis^CD 
THolographic Memories <*a -f — ^-t U ) J 

(Scientific American,1995^1X^ ) VUOX^^M^tl 

591-^ (i998^2^i7B#6if) "CiJiqgs nrfco « -€-<Dia 

[0003]jf>a5^^7-f -ifitli^:^ f- A©tse6». le 20 

t^d^ttf. W. K. Smothers^?© T Photopolymers for Holo 
graph (^i^Oi'^^ ^ -/cabO^fe^U v-) j (SPIE OE 

/u— tf-^. 1212-03, ;^l;:7+;^^T#lD■9->^^-'^ 
;^rtj, 1990!?) , c©fs*-cuiaj3nrc^^1^^f4«, ^ 30 

-©*«:. ®<*-=ey?-WI4*i<fcCJf3fe*^ia*^J (phot 
oinitiator) (^{CSaj3n/c^K:-t^-7-(D»-^*ti 
ji-rS) ©3t«Ji^JSi^:^7"A4^tf. ttfE?r^©«f4CC 
S*ii^•r?l>Slffl^C (iBS»5fe*> •f'-5«%^-riB5>J©4i 

■2., -eoifem*-^-^-©rigs*^<fi<!&2>©f. Wif4©B§ 

l^KHiL/-Ct,»^ct»«SJ^©*./v-li. SW«UlS(cJ£t&-r 

i';^t*?sK!r>^^ (deposition) \,-X^(D^m^dL<mt. 
ti><DX. ^SiJ©3i^%»fb?:BJtg{Ct--5fcAfC. 

{c. S^tcj:-DT?l*@C3n?>4~ 1 0?6©>'^'J^^'iR 
(bulk shrinkaqe) f*- **l^©ftiKtt{C##Aj: 

-?-cec^.Ci?:jj^-r) , 

[0004} *a^i¥ai8a-^s#i^08/698,i42-^ (W 

BRA©#M#-^Colvin-Harris-Kats-Schiniruj 1-2-16- 50 
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10) », :i<y v-j^py^^ -< -<®ftKM-r^fe©t?* 

•3. ■€-©igii^*J#M(Cj:'3*?gifflS{Ciai5>ii$n^.. $i 
* U =f-5'--7 h u V ^';^fllrl^iBiai3e«14*-/v 

3n5ib©-C*«). (a) vh >j -^i';^*i:i-';=fv-*i 
(b) *>"7>-©ii>fd:< t*>-8B«jg 

s.t'xc-r?., cne>©w^4©^«{c^i^S'J«^s^i:© 

•C (tg^!B!l*s?£ftr*-S©-C) . m(3flmmti±K:j» 
<-r4Ci*ipJt6r*5. f5jf4«^<©Jiltt=S:WLTI,^ 

»t3i^^^©ra©^«ft©>'^•>'^^llx^i*l*(|[S■ct^.» 

[0 00 5 ] iJ'yX-? h 'J •:»i';^©[t<{C*>"5'-^r^if 

?L14X/5;^«. 3t<^?KB£i^;^f"A©S««:An?)n. c 
©*-c:7fetlfe?fjfiS>';^f-A{i7uci£tSfr&. ^tejcstasn 
3ttRj^fiSi^;^-?-A©swort,i^cc^ mfi% 
m^tinX^^tjiX, igp^ti^^Jtc J; r ?L*> 6IX 0 ^ < 

(CAS. ij=y-X-7 \ >J 4^ftv f- v t>7.^ 

#OJi{*i»*tJS&!)(C. a*Lt>«i§±©^^tt?:Jie^ 
*i-or.Pi'^7 ^-fB1St^;<f'A«:Wffl^cJt«JWJIt 
(M^«lmm?rjB;?.-5>) 7feiBS3iJSft©0^?:^t6(c 
•r-2.. OA^U. C:©!|$rF©jSK(*K:(*l<K-^*^©llffl±© 
i'L'^,*^*?). !|${C. MSiC©-t-'v-)&mi3K5</c«?)(C 

[0 00 6] J: o-C. ;f-ne/^:7 ^-fBt«i^;^f-A-rffi 

ffl-r ©tc is b icMiMm.W(owmt'ms l t ^ /c*i . 

(m«lmm*iffi^S) Jat??f$fiS-rSCi*J-C*. *> 

•^v h >j v ;?x©i$i4*aeRr -6 ^ja^oit^fs 

[0007] 

[^i^^-T'SA:*©*®] *ni^7:7^ 

ft. iKft©Sj§:7'o-fe;^. teJ:0'i«ft?:ffl<,»^.^^oi^'7 
7 ^ -©yn-fe;^{cB8-r5. c©J«ft«. K 
tl«WtS='^7cv h 1; y 5- -€-©««c. 1 

sns, ^^-^7•>J h ^ i^xi*. w^gp 

^ (m«T/i'+;i'*jJ:uf/*fcttr «;;!/) *J#3n/c 

H'>:7cMt5±© (C^^«S i - O-S i - O) 

( rjtf^x^j £B> l^iaaJ:Dfcii>^c< ifcZO'C 
lSir>^5;^iK«^iaS (T.) . AM«j{c«ii>&< i*>4 



5 

[0 00 8] ie§i^««sW. y h'MSWtS''' h U 

•CfciWiaa-C (in situ) -7 h <J y i':^^B^ti>C 
ticj:^xmt$tii> ( r4>i©{4gr (in situ) J 10 

tit. ^mmf&iy:^f-j^i}m&-ri>tKmv'7 v >j y 

tf'y At ai5CDf±iS* i «S^c * C t « T i^=c ^ V h >; 

e?;^*5B«lE!KJ»*i6J^fiX3n-&7"p-fe;^*i (a) ^rStt 

[ 0 0 0 9 ] :/ u f h y i7 ;^frlg!taw{*. A 
Mfi^JtcliR. M (OR* ) TftSn-Sfb^Xpibtin 

7k^«?te J:c;f«l-^{c J: otriP?? n/c:t y d-v-r* 
ffij':i±©M^ii?:W-r .s^iiTEi^-c* «3 ( y =j 

^«[)Be«JK:*il,»-r^)R7c3Ri*!tcSnS) . R«^5^ 
R- Wft^S4^i<D^^M^^^:WT^.ffi:T>'^=^^;^t?*0. 

(tri functional orqanoalkoxysilane) ("^^C^^^Wffi 
I- y i I- ^^v'-^^) n/c:*- y :J v-*$ 

^^IslSSiffl (branch siloxane ladder network) <OWlW: 
mU-^ Y y y i> y^iCtjiit, (^3-iKi^l3+-9->«l^t^5W 

:9-f^iffi-^3{P6ffM5n6S i - O-S i -0©=:;^7c!»3 
[0010] m^miiCVS.. V h y -y 3fe 
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SWtc(*3t^SJ^RS->xf-A^jiflnf 4H>r«:-7 h y ^ i';?^ 

[ 0 0 1 1 ] -7 h y •;' i'xttn<D^-y^-yv V h'mt. 
*io{b^fi«j^tss*&fce>^. j»a±-&». wffi 

«:oIfi|«:T-2). 3 etc, 7')}VtJ:^<DXtts:mmSm 
». vhy ^;i7Xoei<*8l*«^L, «iafS'Sr«6 

•r. c©j:^(ciffla;s*5<g<^c^)i. sm©ra©-7hy 

•:»i'XF»g©^>'v-©}(i;t5t?:iSfa-r-2><fc^-CS)»3, 0:-^ 

SP»©ffl!R«. V h y V di';^©«9afi<Ji|^©S«3»«:"Ifll 

[0 0 1 2 ] .fco-C, 'fb^fl^Jd^-^^ftSW^d:^ 
S**>ft:^&T''^'^:?'y y K«i«^«-7 h y f xSr^-T 
S3tfa«ij«<*5:Jl«L. -7 b y c; i';<©#14?:iMtl?T5 
SKtc C i < 6 *i©i*S«iH*-^iL . Jt^JWJlC iS-C©JB^ 

[0013] 

mm(DmM<Dmf&] *:^H^©7'D-fex«:sf-3-c. 
:7'y y i=mimm-7 1- y ^ i^^mmmntimm^tii>. 

Stifc^ y 3 v-^^i^». 1 -^fe^i^^ferSttW^* -7 

{b3n-r«i*»fl<jia:^ h y y i^:!^=S:B^rio i^^o 
i3»i. *jj:ofi 4:K3!>^6iMiR$n^.7c*4?n-r. cn 

6©©jli. 0!l^{fHawley's Condensed Chemical Dictio 
narv (*-y-©Sii^J{b^^jft) ^l2jEt?^S3n-CC^ 

) V h y i':x.iaj:zfyemmmi^:^f-MtmiLUtc 

r'*D-b;^«. (a) ?tS1i*>'-7-©a-&«:SIRetJ«:« 

§t»-&-r. $;fc (b) 5^pi^7A©s?ji*©racc^iK 

©*>-r-©*^*||||fi«J{Cfl±(>Ad:c^C i «r:tl»-r 

J:^-c. l4Sz:Lfc{b^fi«Jtt««, «>i©{4a©vh 
y i' J|5)iE3&J3t«^J^RS'> ^ 7- A ©1tf8iBtf.te:tl icmm 
««:^%-^^t>5:i»C i%5l«r 5. V h y ^ d';^»ft 
Sfft!j«:»«!f|g!BJS<DJ»«^bK:J:orji5fiS3ns. i/tmB 



C5) 



AM Wcc t3;*^jf5^ X 7^ A tc ^K^q tc «l^#^r i Aj: 

i^-roimmmm-i, ) 

( 0 0 1 4 ] r^'J f K V h y -V i'>^B!rlg«5®». A 10 

se«jtcwR„ M (OR' ) 'cm.$tii,it-^is^i)^fbm 

iit!t-r-5/<:es?){c=mt6 (n = 1 ) ■C4>€>'iJ>S*i**, 3}- 20 

CO 0 1 5 ] •=? h y mwtc«TJU3=^^ 30 

(i. C. 3. Brinker4f<D. Tsol-Cel Science: Physics 
& Qienristrv of Sol-Cel Processing 
ifJi^-iffi^UaiLCO'&imtit^) J (Academic Press. 1990 

ctxtcJ:-3TH5IEig!KttH;j<;5Si^*0fiS-r«.. ft 
AjSitv h y s; i'XO±^{c#$n/cWtSaiJ^t*. 

-5>o /N-f :/y Kv h 'J •:' i>:^'mM^ 
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V h y V ^7 63&»©pjmi4*^^€>. (-^ h y 

i, ctnt^fcmmi^tm\t'S:f^±$iii>*K v h y 
w^SB^ (0!i^w±f2©R' ) », m^micif? h y 

•r-s. 

CO 0 1 6 ] iSiRpltfe^cCiil/T. -'N-<:/y Kvh 

mK(om-^icit$ etcss^sn-s. v h y i':^mmm 

V h y i'y^t![ig!|ijH/3fefl^jf5fiS;t';^-f-AOii^!B!KDJ: 
OliJ&i^cftif^ffi^bJ&s— flaWK:«SjJ<$n5As. ctiJift 
l^^b*«lisfl<j{c*s^3ti/c+ y :J-v-rtft>n*3&>e> 
■c*.&, J:f3ii^J&S^b*^WfJt?«>^©«. TlSrStt*-^ 

igfbMM^JKKiJsW A(D*M6^!lsl£«[ 

5. 3 ¥)Wlg4b©«-Ci5lg«J®*lSJit>4ft:«{>{c. 
MWtCtJ, ^fflS-fbl*. 1 0 0~2 0 O'CtDKfflcDSS 

C 0 0 1 7 ] >'^'r■:/y Fv h y y XMIgiBJ® (J?W 

@!^b3nrir»-5j&iSj>>«:*>*>*>e.-r) i3tiiyf^jS5^xf- 

iiJ)P(cj;-3"Ci|S)l 0 0 0 c p sJJtTiclBMSti-C. 

/c^Jtc». ft:*:4<i©^igJS^«:Wr?.TJU*^- 

5o CC-C. T-'l':^^-JVi-^ F>«. |^)8 0"C*ilCD 
Sffi-cv h y ^:^mmm^^'¥t/^m&fSui^::^7-J^<0 
S^*>6«<b-rsci3&i-cir^. r-feh>». 

i|t^c-=? V y XB5|g!|?!iW*Jf4. #{C^'P+-f > • 
XO±o (siloxane-based backbone) ^r^TSBUlK^BJ 

?[iJ»^MW(c»ft»7]icv F y y i?;^BJfg1?)Hiii-&$<a 
«^*n3n/cs5igig5Hi©^sn4. vhy 
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[0018] 51fi<^Jf$SRi';^f-A«5trS«WtS*-^-7-5r 

i^milR— jl##ll08/698,142-^*i<t:J>'W. K. Smothers 
l?CD rphotopolymers for Holography (^^O'^'^y H — 
<Otclt><D^4(')-7-) j (SPIE OE/U— tf-^S6. 1212 20 
-03. ;!7';7*;l'^T!maif>-»fJl'Xitj. 1990^) 

•^"©IStSttjIg (rate of reactivi tv) AS^Stl^. 

}vr-!7>j h*jj:cx2 (N-*;^''^'V-^-'^- 1 -^^ 
-So */c. mmi&i^mmm im^iti . 5o*«) =& 

[0019] WM9!J{C», 3t^J^^J^Xf-A»3 6iC:}fe 40 
(cS HI an -Si, *y v-©»^?:^b^0«jic:gateu. * 

0. i~5wt%<D^fes^rajssi|3&sasi/t>*s***>fc so 
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[ 0 0 2 0 ] V h >; »^ {7:;x.smmntyt»T&mi^:^fJ^ 
om^-^it, at^w^cvh «; i?y^a-fb*§i-tT. t>i 

©3fe4ffit->"Cgi»?v h >; ^>(.mit^n'> c ttfim^ h 
) ssise^bcora-cs^, 3fe^sji5^i^:^-?-A 

5*Jl/%/&5S!{kflJfcJSI¥b. i!>3&< i ^> 9 0 
<bf^t>^ff-r-5.{:<!:3&sj:OSI!)*Wc*>€.. 3 6cc. 
rru h* V h i; 5';^BiJlg!^H©%^^j:Wbl3:||S!«tc 

'J i';^«3S'&Ji«^-5fc*(cB. ««lliiBJH©»«)8 0% 

©S{b*5-«9W(c«+^3--t?S)So -jKft^fclS. 
5:«e>-rfc»{C«. 1 0 0 •cmv^©iaS-Cgi|i5lS^b5:tf 

(,!.— ffl©^^•7 ^ - (c-:>c»-CS1J[jAj:®'fb©sfef1=?rt?i^-r 

[002 1 ] n^ffjttmmmvit. ^^-{^'v -j i^-^v v 
'J tf -mmmst. i ojj<±©=wtfe*«T jua 

©M:i^©tg^!^«:#tf. */c. S$OC^iB)SW!tftt?:S 
^•r^/tJ6tc. s;'T;l'3+2^i'^>^i'©t><-:>3{p©— 

f 5'>^©?SliSiSS (cross-Unk density) *ST**S© 
■c. i«{*«:43W-5.7fer£14*^-7-©ffi;iJ^Sr(SjiTr^<h# 
7L6*a-C(,^^. =rv-BfilE!^«©Jgfi£«. JJP^K^^ 

iiiKifB*jfMr-5. c©:i-y=f-3'-?^krs«. jaisw 



(7) 



n 



leittJ. — aSWfClSiKJ 1 0 0~ 1 6 0 'CCDSS-C. *^ 1 
[0 02 2 ] ^»3l^{b?nfcWt»T;U3+VS^^>v h 

s{&vi(ct*3SL/t:i,>s, 40 
[0023 ] simtsii»<D^mit. mmmicit. m^itm. 

ms,^^-§5ts-tcifo<DiJ:?^'rv h*ffli>r EtStcDyu- 
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Bi©^<bK:;c.0TiigiE-r*4K^^^ 
©J;^/d:*lg-C». fif3f5©T^lt^*ffli.^r¥tTS*S 

( 0 0 2 4 ) la 7 tt. :ifmm^tmmi^L^^m^-^ 

7FL/-CI<i-5>. i^X-rAlOW. ^IISi^M12<t, 7tte» 
J®^14i, ■^2>■t^" 1 6 i*^tf. ^laiSgl 2«. 

S. SSBl 2«, ftMe<3tc». l-^-e^©tt#B*g!il3SI 

gtcM u -c?f -^^ b-r s if^fb^Sicit^s n/c^fflTfe^ 
i0S?g-c*€). ??^^b{ca-:5t<>T> i^ai 2«> ^gi 

2?rifi3i-r?.ff-^tr-A2 0©aJ^?:StFifi«J{cjiUfc»3 

3tiaSii«<*l 4©±S/c«if©aST#Mt^-A2 
2r, ##{b3tiyc(t#Kr-A2 0«:T^r-5c ttcj: 
-3Tiatt3n-s>„ c©T^g^«, fiai^if^^b-rsa^T^fc 

J;OV*/c«®JR©/-«^->ib-C. i«<*l 4©tt»{C:it 

2©«IK. ig^S. $/c»{iitl*^;?.5Ci(cJ;-,r. 1 
oJi(±© :j^Pi^77^--<^-i^41 rxDmm^c 1211 L 

1 4*«:*ji,it:#Mt:-A2 2t?3^3n?>l««:. u> 
X3 O^riia-r-S, C©3SI^©«(I{C. #Mt:-A2 2*5 
U > X 3 2 ?>Ct 3&5 njtir *> 

[0 02 5 ] -0->'7*a-fe;^*i^7L'/c?^-C. IBJi^i 
<*1 4«. ^«3©76r§14l5f*4^«^-r^7-7-;; Fsai 
(flood exposure) J; -or, C©7^f FR 

■c. lalt;»ef-c. ■eo-rtt«©iBtt.©ratc#jStf-A2 
2*iisiw6n-5©iis!Dfta. *fc»fii[ffl-c (ir 

»^©J:^tc) mWl 4i#Mf "A2 2?r^^M31+S 
3*lfct»«-i-S^«U>X3 4i£:ii3aU, H2>i^-16 

16 (J. AMWict*. t»f8'^-J^*l»^-rsi^g«:«i«5 

[0 02 6 ] mi 

{,><'Dti^(DiEmmW*K JitT©7'a-feX(ciieoT^ji3 
F+Jx'i'^^ (y?;l')t*7*Ji;l'©*Jl'J:h«l : 1) jJp 
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-•7 b ') y ^t^W^Wit. ^U-i't^-COwen s - 
I 1 1 i n o i stt h > K) iPhm^ti 

tc, T-fe h >-C©fJ|gi^M©;e^ ( 0 . 2 5 g/c m' 

tJj (evolution) (D^^f IslJRSn/c^ii!^ dS^^RS^ 

j^SfSKl, 1 0 w t %CDT^ yjl'M^'i? 'J-'l'^^v- 
(ViMt <J =fv-v h 'J i> xwM'^MOM&icmr} 
<) . fc<fc!>'^>'v-05SS«:K-:5t.»"C5 w t%<D^3' 
yiy^mmt^^^m-^m^m (Ciba-Geiey*> 
6tf fjnfcCG 17 84), ■€-<D*glSf#6n/c?l^W3: 

(ieS^3 cm. M^^S 0 0 tim) 4«K:a*«n 

fc, mit^titc-^^rfMtmm'Cs &tn,>^&n (m 20 
[0027] m 

V :^mfimit<Dmmit. m9^m^^ ( i r) t^is 

m^m^%^ (NMR) ^fflt^r. 2o©-y->:/;U{C-o 

liTStasn/c. I R^viom-^it. ^>-:fMt. mi 

l^/Co h JUK, **ZI© 1 0 Sfr5« 1 B$raraR5-C> 

igjfcO^O^raiJS^MMPi-C, SOMEN Mich 30 
elson 100 FTI R^3fes1-rf#6nfc. mi^V" 
yyjlO) N MR^IFrW, a N M R o - ^X'^ir 

C*5<f;i>*S i ©NMRX'^*' I-;!/}*, ^tx-eni 
00. 5MHzi:79. 5 MH z ©Mlj^-C V a r i a 
n Uni ty 4 0 O^tf-lcfE^Snfc. NMR;^-^ 

(5. 6kHzV7i>yt>r>i/n^:!^i^^>if:^^fl- 

)V) . NMR^«f«:!f ^BRtC. H-CiH-Si©^?^ 
mRt,cnUX-^tl-?^tl 1000Mst2500<iS ©S 40 

R^*T©iatc3ii:*3l»T«*S^*iffli> 6nfc. 
[0 02 8] 0Hi, 5 0B$ratct)/c2.ft)^S{fc{C*jl,^ 

rieias n/c i r;^-^^' . mit<Dm<DT'i> 

;b®?^©3Sm*H2 A*sJ;i>'2 BCC;SI!i«iSn. cn«H 

5^ ( 1 7 0 5cm-') teJ:C/Ti' ■;;UC = CH. Sib 
(wag) ®tK (9 1 0 cm-') *Si*L'Tl»^>, ia2A 
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Ml*t?gft«IXO. ifcBfti!X?SS©»5^W. *J'e6<JS<b© 
K©^Sf§SiJ<^)»»tcJ;5. 02BW> i!<bJC*iW4, 

HSK:3n/c©-C. *-i'-iLTffll^4Ct»t?t&*i 

JUMJt3^?f ©iEFi^c^ea^ b=&ffi« U *^ tc. 
[0 0 2 9 ] 03 AfeJ:0'3B{3:> ^ h 5^ f'^Ui^^^ 

;^er-;uji©7 xi 1 x©-en-en-c©^*5Jg{b©Bu© 
•9->-7^;i/©NMR;^--4i' h^w^n^-r. ^««Ji!ti^*»e>©s 

}vm^ (16 6. 3 p p m ) «B!^b©ffl«:r i> ') jmm 

ji:^;L'->D+-y->©5?#^t<S*Jrd' y^usj-u^ ^ >]g^ 
^©<t#tt. *4i-eti5 8. 5ppmil8. Oppm 

-c. ^sxh+i^»©iea*ffifli-r4. o. 3ppmt? 
©/J^$^c*'^^«- H-&fifefltrM'^«©-'B«g^«^ 
*>e.^-r-2><!:#^e.nri^^. /jNS©t?.^^j'i'i'D=^^-y 
>©a.-^» h*s#«E-rsci*^r, «^Ma©NMR;^ 

'^i' 04A*Jj:ytS4Br. ^tl^tlQ. 5X 
*5J;0'1 Xrm3n-Ct»2><. 1 7 3 P pm-C*i!S*J!5:t,> 
C <!:«. S^SnfcT ^' y ^W^ifetCteWS^^U'-i^^JUm 

*>'-7-3{is?g^b©^ft=r«ie«j«:S 

^L-rc^fcCi^r^jx-r. L.*>L. ?iii'fb©mr<!:f*-c©;^-^ 

i' h jvotbiJtt. * -7-7 ^ y ^i/MJacs^) 7 5 %tim 

(fi^ittStMWtc) ^^©/cJtXcifetotiSi 

[ 0 0 3 0 ] S/c. NMRti-^ h y i'X^fiSK-OCi-r 

©i««*ffl«L/c, 05». «»ii -cfflc^enAiwist^ci 

T\ T' « KT" *-'-7-©jD7K^^*^6*t^© 
iS)BSe^Aj:g:Pt^r^-r. 06 A*i4;C>:|116B«-?-n-en« 
*^^t©t!fiS^©NMR>^-^i' h;l''£:S^U. m©Tff* 
^)V^^^7rih^ p h©T'f^*S:^«7 x.=.;l/ 

5t-y d^v-ilxTf|l6n4©-C. lae A©NMR:^-^i' 

iD\) ^«fb©ir©w^b©ss. tj^c 

OBtt, g*»8g<b©ffe©NMR;^'^i' hJUiSrS^-r. f- 

lil!{b©M«:3e>«:-7 I- y i'X^^^iR^siaco/cci?:^ 
1 0 0%©]Sjrv-C»^C3!i>r>/c, 

[0 03 1 ] ms 

n/cAiW4©;i$*s 1 0 0 Mmr*-2)-y->7'McStt-C 
tftotX/c. f (shift-multiple 
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tfi-zf'y'j^mm' (Braqg selectivity) (CJCoTnJtfe 

:/-a:^jg?i8:YAGu— tf-tcjc-^x^sn. 53 2 
n m <JM&nrfs^ Utco 1 rXD^m^WA^ p ^ A 

*s> iKi3 mw/ c m' ©sfist? 1 0 ^fsom^vmi^'p 

im8 3 9nm(,cmn$nfCo 6 3 2 nmt?fflC«-r-5. 1 
mW HeNe !f-*7*D--/t'-A<kLrfflC» 

©*S»«6f)tc:&fflr A 5. HeNer^P-:?'(cJ;^r 

[0032] ^^zi{fpM.<D^^jLfy<Dtk'C. if-i^-yMt 

3tir. $^1 0~2 OiB-fa, njm:^-^i' hJl'-Cl OmW 

A<DM*ffl U©ra<D$ P>^ti*JSlCCCS*U-Ci^X7^A* 

iC. 1 2B#raS^ie^7-7 h'MBJ*^tf*3n/c, 

KMB^ i . 1 2 B#K©fiS^(DfScD«g**i. S 9 CC^ 3 
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* S^CJBJIt^'' ^ - > J: -5 -C 5 1 1 C 3 n/c P 7 

[0 03 3 ] *:BjifflS-rggn^3nfc**Bj©<±«tsia 
[0ffi©fS#^ciSiB^] 

[ia 1 ] *%0^©iB®j«^©JS<b©3iag«:teW4 I r;^ 
10 [laZAl S1©I R>^'^i? f-Jl'3&»6^S»3tl/cf'-5' 
02B] 01©1 R;^'<4' 

[133 A] 7Xr«i|^5l!jb©S^©, *lfeBJ©gS«kJg«:0 

[03 B] 1 x-cai^s«b©Hii©. *«?§©ieis«Sft© 
[04 A] 6. 5x-cm^mt<o^<D. ^^^<D^m 

20 [04 3] 1 X-CSi^SIWtWfa©. *^B^©ia»iS»»© 

[06 A] 05©W«rJV3^'*/^'^>©StS©«!H«: 

[S6B] B5©^^TJV3+->i/'5>©iSlc>©«SB* 
JSemC/fc. **^®{b©i*©NMR:X-^i' hJl'=£:^-r. 

[ST ] ;^p^'■77 ^ -fatas^s©iiiSEi-c*4. 
[^8] ^^B^ccseortiigsn/cjsiEflJtcs^iiSEnfc 

Jl-xP A©[n|0f5S!l**jS-r, 
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